Supporting Information New Near-infrared Rhodamine Dyes with Large Stokes Shifts for Sensitive Sensing of Cellular pH changes and Fluctuations

Synthetic route to near-infrared rhodamine dyes A, B and C.
We showed how to prepare rhodamine dyes A-C, and characterize the products by NMR and Mass spectrometer. Scheme S1. Synthetic approach to prepare rhodamine dyes A-C.
Synthesis of rhodamine dye A: After compounds 4 20
(204 mg, 1 mmol) and 5 (313 mg, 1 mmol) were added to trifluoroacetic acid (10 ml), the mixture was heated under reflux and stirred for 8 hours. When the reaction was cooled down to room temperature, the solvent was removed under reduced pressure. The resulting residue was purified by using flash column chromatography gradient elution with methanol ratio to dichloromethane from 0% to 10%. Synthesis of rhodamine dye C: After 1,2-diaminobenzene (324 mg, 3 mmol), rhodamines A (482 mg, 1 mmol), BOP reagent (530 mg, 1.2 mmol) and triethylamine(2 mL) were added to dry DCM (15 ml), the mixture was stirred at room temperature for 16 hours. Then the mixture was diluted with DCM, washed with water and brine, dried with anhydrous Na2SO4, filtered and concentrated in vacuo. The resulting residue was purified by using flash column chromatography gradient elution with methanol ratio to dichloromethane from 0% to 5%. The rhodamines C was obtained as blue solid. 
A fluorescence standard and calculation of fluorescence quantum yields of the rhodamine dyes
We chose a near-infrared rhodamine dye shown below as a fluorescent standard to calculate fluorescence quantum yields of rhodamine dyes A, B and C.
Near-infrared rhodamine dye as a fluorescence standard
The UV-Vis absorption spectra of rhodamine A, B and C were collected in the range from 300 to 800 nm with increments of 1 nm. For the buffers, we prepared citrate-phosphate buffer from pH 2.0 to pH 7.8, and carbonate-bicarbonate buffer for pH 8.8 to pH 11. Their corresponding fluorescence spectra were collected at the excitation wavelength of 550 nm with increments of 1 nm. The excitation and emission slit widths were set to 5 nm. A near-infrared rhodamine dye above 22, 23 was utilized as a reference standard to calculate the fluorescence quantum yields of rhodamine A, B, and C in ethanol and buffer solutions. The standard dye with a fluorescence quantum yield 37% in pH 7.4 PBS buffer with 10% ethanol was used.
The absorbance was kept between 0.05 and 0.1 in order to obtain optimized data. All the samples and references were freshly prepared under identical conditions. The fluorescence quantum yields were calculated according to literature 4 using the equation below
Where Φ is the fluorescence quantum yield, the subscripts 'st' and 'X' stand for standard and test, respectively, "Grad" represents the gradient from the plot of integrated fluorescence intensity versus absorbance and η is the refractive index of the solvent.
We investigated effect of ethanol percentage in water-ethanol mixed solution on dye fluorescence intensity ( Figure S7 -S9). Increase of ethanol percentages from 1% to 60% causes the dye fluorescence intensity increases to reduce dye aggregation in aqueous solutions. 
Dye stability and selectivity
We investigated fluorescence intensity of rhodamine dyes A, B and C under different excitation time, and study selectivity of rhodamine C to pH over different cations, anions, and amino acids. Rhodamine dyes A-C show excellent photo stability, and rhodamine C displays high selectivity to pH over cations, anions and amino acids. 
Computationally derived structures for rhodamine dyes A-D.
The structures of rhodamine probes A-D were constructed using Avogadro 26, 27 and GaussView. 28 Structures were initially optimized using the capabilities within these aforementioned programs. Calculations were then conducted using density functional theory (DFT) with spherical atom dispersion terms, namely APFD, 29 with all electron basis sets at the 6-311+G(2d, p) [30] [31] [32] level implemented using the Gaussian16 suite of programs HOMO LUMO Figure S26 . The HOMO and LUMO+4 (see Fig. S31 ) for rhodamine dye C. 
Cytotoxicity of the rhodamine dyes
We used a standard MTS assay to investigate cytotoxicity of the rhodamine dyes A, B and C. The results show that the dyes have very low cytotoxicity. The filter sets used to image rhodamine dye C, Hoechst and Lyso-green were excitation 559 nm and emission 675/50 nm, excitation 405 nm and emission 450/50 nm and excitation 488 nm and emission 550/50 nm, respectively.
We also investigated whether rhodamine dye C could be used to detect intracellular pH changes in MCF7 human breast cells. The imaging results convincingly demonstrate that rhodamine dye C sensitively responds to intracellular pH changes in MCF7 cells as pH decreases from 7.5 to 4.0 cause cellular fluorescence increases. The filter sets used to image rhodamine dye C was excitation 559 nm and emission 675/50 nm.
